; RNA-dependent RNA polymerase (RdRp) activity was detected in the crude microsomal fraction of rice cultured cells that contain a 14 kbp double-stranded RNA (dsRNA). RdRp activity is maximal in the presence of all four nucleotide triphosphates and Mg 2+ ion and is resistant to inhibitors of DNA-dependent RNA polymerases (actinomycin D and = = = =-amanitin). RdRp activity increases approximately 2.5-fold in the presence of 0.5% deoxycholate. Treatment of purified microsomal fraction with proteinase K plus deoxycholate suggests that the RdRp enzyme complex with its own 14 kb RNA template is located in vesicles. The RdRp enzyme complex was solubilized with Nonidet P-40 and purified by glycerol gradient centrifugation, then exogenous RNA templates were added. Results indicate that exogenous dsRNA reduces RNA synthesis from the endogenous 14 kb RNA template.
Introduction
A 14 kbp double-stranded RNA (dsRNA) has been detected in cultivated (Oryza sativa) and wild rice (Oryza rufipogon) (Fukuhara et al. 1993 , Fukuhara 1999 . This dsRNA occurs in all tissues and at every developmental stage. It is usually found in the cytoplasm of host plant cells and is not associated with distinct virus-like particles. While horizontal transmission of this dsRNA has never been observed, it is known to be effectively transmitted to progeny via pollen and ova (Moriyama et al. 1996 , Moriyama et al. 1999b ). The dsRNA is maintained at an almost constant concentration (100 copies cell -1 ) in most tissues, but the copy number increases more than 10-fold in pollen grains (Moriyama et al. 1999a ).
This increase may be responsible for the highly efficient transmission of dsRNA from pollen to progeny.
The complete nucleotide sequences of dsRNAs from cultivated (japonica rice, Nipponbare cultivar, 13,952 nucleotides (nt)) and wild rice (O. rufipogon W-1714, 13,936 nt) dsRNAs have been determined, and they share 75.5% homology , Moriyama et al. 1999a ). Both cultivated and wild rice dsRNAs are linear, with a single long open reading frame containing conserved RNA-dependent RNA polymerase (RdRp) and RNA helicase motifs. The most striking molecular feature of these dsRNAs is a site-specific discontinuity (nick) on the coding strand. The nick is located at nt 1,211 and nt 1,197 from the 5¢ end of the coding strand in japonica rice dsRNA and wild rice dsRNA, respectively , Moriyama et al. 1999a ). These nicks divide not only the coding strands of both dsRNA molecules but also the long open reading frames. A similar dsRNA containing a sitespecific nick has also been found in Vicia faba (Lefebvre et al. 1990 , Pfeiffer 1998 . Thus, dsRNAs with properties similar to those of rice dsRNAs may be distributed over many plant species (Dodds et al. 1984 , Brown and Finnegan 1989 , Milne and Natsuaki 1994 .
Phylogenetic analyses of the RdRp and RNA helicase domains of the two rice dsRNAs indicate that they, together with V. faba dsRNA, may constitute a novel virus family, which would belong to an alpha-like supergroup of RNA viruses (Gibbs et al. 2000) . We propose that the dsRNAs should be recognized as members of a new virus genus (Endornavirus) and family (Endoviridae), and that the 14 kbp dsRNA found in cultivated rice (O. sativa) should be named Oryza sativa endornavirus (OSV) (Gibbs et al. 2000) . OSV has some plasmid-like properties that differ from those of plant RNA viruses. Its copy number is stringently regulated at low levels (100 copies cell -1 ), and therefore has no obvious effect on phenotype of the rice plant. However, little is known about replication of these plasmid-like dsRNA replicons (endornaviruses) or regulation of copy numbers. Here we report the isolation of membrane-bound RdRp from rice cultured cells and characterize the properties of its OSV dsRNA-associated activity.
Materials and Methods

Isolation and purification of RdRp
RdRp was prepared from suspension-cell cultures established from seeds of cultivated rice (Nipponbare cultivar) (Moriyama et al. 1996) . Enzyme fractions of RdRp were isolated and purified as described for those encoded by single-stranded RNA plant viruses (Hayes and Buck 1993, Bates et al. 1995) . Suspension cultures of rice cells were homogenized with a mortar and pestle at 0°C in buffer A (50 mM Tris-HCl pH 8.0, 15 mM MgCl 2 , 10 mM KCl, 0.1% bmercaptoethanol, 1 mM pepstatin, 0.1 mM phenylmethylsulphonyl fluoride, 20% glycerol). Homogenate was centrifuged at 1,500´g for 10 min at 4°C. The supernatant was centrifuged at 10,000´g for 10 min at 4°C, then was centrifuged again at 100,000´g for 1.5 h at 4°C. The resulting pellet was resuspended in buffer B (50 mM TrisHCl pH 8.0, 50 mM MgCl 2 , 10 mM KCl, 1 mM dithiothreitol, 1 mM leupeptin, 1 mM pepstatin, 5% glycerol) at a concentration of 5 mg ml -1 protein as measured by Bradford assay. This crude microsomal fraction was used in experiments shown in Table 1 and Fig. 1 , 2 and 3, and fractions further purified by sucrose density-gradient centrifugation were used in the experiments of Table 2 and Fig. 5 (Lefebvre et al. 1990 , Fahima et al. 1993 . The crude microsomal fraction was loaded on a 10-40% continuous sucrose gradient containing 50 mM Tris-HCl pH 8.0, 50 mM KCl, 5 mM MgCl 2 and 2 mM dithiothreitol, then centrifuged at 150,000´g for 2 h at 4°C. One ml fractions were collected as shown in Fig. 4A .
RNA polymerase reactions with [=-
32 P]UTP Reaction mixtures containing 6 ml RdRp preparation, 10 ml of 2Ŕ dRp assay buffer (100 mM Tris-HCl pH 8.0, 20 mM MgCl 2 , 20 mM dithiothreitol, 1 mM ATP, 1 mM CTP, 1 mM GTP and 10 mM UTP), 10 mCi [a-32 P]UTP (Amersham Pharmacia Biotech), 18 U RNase inhibitor (Gibco-BRL), 1 mg ml -1 bentonite and if required (Fig. 6 ), exogenous RNA template (about 5 mg) in a total volume of 20 ml, were incubated at 30°C. Incorporation of [a- 32 P]UMP into RNA was measured using a disk assay (Hayes and Buck 1993) . Reaction mixtures were spotted on to DE 81 disks (Whatman) that were dried, washed four times for 15 min each with 0.5 M Na 2 HPO 4 , twice for 5 min with water and twice for 2 min with ethanol. The disks were dried and radioactivity was determined by Cerenkov counting (Fig. 1A, 3 and 5).
RNA products were purified from reaction mixtures by phenol/ chloroform extraction and fractionated by electrophoresis on 0.8% native agarose gel containing 40 mM Tris-acetate buffer (pH 8.0) with 1 mM EDTA or 1.2% denaturing agarose gel containing 20 mM 3-(Nmorpholino)propanesulfonic acid buffer (pH 7.0), 5 mM sodium acetate, 1 mM EDTA and 660 mM formaldehyde. RNA products in gels were fixed with 7% trichloroacetic acid for 30 min and visualized by autoradiography (Fig. 2, 5, 6 ) (Sambrook et al. 1989) .
RNA polymerase reactions without [=-
32 P]UTP RdRp preparation (6 ml) was added to 10 ml of 2´RdRp (cold) assay buffer (100 mM Tris-HCl pH 8.0, 20 mM MgCl 2 , 20 mM dithiothreitol, 1 mM ATP, 1 mM CTP, 1 mM GTP and 1 mM UTP), 18 U RNase inhibitor, 1 mg ml -1 bentonite and 20 mg ml -1 actinomycin D in a total volume of 20 ml and incubated at 30°C. Products were extracted from reaction mixtures with phenol/chloroform and separated by electrophoresis on 1.2% denaturing agarose gel. Resolved RNAs were transferred to nylon membranes (Zeta-Probe GT, BioRad Laboratories), and probed using strand-specific riboprobes located 7,372-10,084 nt from the 5¢-end of the plus (coding) strand of the dsRNA. Riboprobes were synthesized using T7 and T3 RNA polymerases (Boehringer Mannheim) and [a- 32 P]UTP. Hybridization was performed as previously described (Fig. 1B) .
Analysis of in vitro polymerase reaction products by dot blot
Complementary DNAs 240 nt in length, corresponding to both terminal regions of dsRNA, were cloned into pBluescript II SK(+). Four single-stranded RNAs (the 5¢-and 3¢-ends of the coding and noncoding strands) were synthesized from the aforementioned cDNAs by T3 and T7 RNA polymerases, then were blotted onto membranes.
[a-
32 P]UMP-labeled reaction products were extracted from reaction mixtures and partially digested to approximately 100-200 nt in alkaline buffer, then used for dot blotting as a probe (Fahima et al. 1993) . Densitometer readings were taken of hybridized products. Since base (U residue) composition differed between plus and minus strands of dsRNA, compensated values were presented in Table 1 .
Digestion with RNase A
Polymerase reaction products were extracted with phenol/chloroform and precipitated with ethanol. Products were then suspended in low salt (15 mM NaCl and 1.5 mM sodium citrate) or high salt buffer (300 mM NaCl and 30 mM sodium citrate). RNase A (5 mg ml -1 , final concentration) was added and the reaction mixture was incubated at 37°C for 30 min. Products were resolved by native agarose gel electrophoresis ( Fig. 2B ).
Addition of exogenous RNA templates to the RdRp enzyme complex
To solubilize membrane-bound RNA polymerase (Quadt and Jaspers 1990, Hayes and Buck 1993) , 2/3 volume of 25% Nonidet P-40 (NP-40) and 1.85 M KCl was added to the microsomal fractions (crude membrane-bound RdRp preparation) purified from rice cells grown in suspension culture. The mixture was incubated at 4°C for 30 min, then centrifuged at 100,000´g for 1 h at 4°C. Supernatant was loaded onto a 20-50% continuous glycerol gradient containing 50 mM Tris-HCl pH 8.0, 15 mM MgCl 2 , 2 mM dithiothreitol, 1 mM leupeptin and 1 mM pepstatin, then centrifuged at 80,000´g for 20 h at 4°C. RNA polymerase activity was then examined in 2 ml fractions.
OSV dsRNA was purified by CF-11 chromatography and DNase I treatment (Schuster and Sisco 1986, Fukuhara et al. 1993) . Total nucleic acids were extracted from cultured cells carrying OSV dsRNA with guanidnine thiocyanate solution (50% guanidine thiocyanate, 0.735% sodium citrate, 0.005% N-lauroylsarcosine and 10 mM bmercaptoethanol). Total RNAs were isolated from total nucleic acids by centrifugation in 5.7 M CsCl solution containing 0.1 M EDTA at 95,000´g for 14 h (Sambrook et al. 1989) . Total RNAs were suspended in 2´STE (200 mM NaCl, 20 mM Tris-HCl pH 8.0, 2 mM EDTA) containing 1% SDS and 10 mM b-mercaptoethanol, extracted with phenol/chloroform, and then precipitated with ethanol. As exogenous RNA templates 5 mg of native or heat-denatured (98°C, 10 min), purified OSV dsRNA or total RNAs was added to the fraction containing the highest polymerase activity (40-50% glycerol).
Results and Discussion
Detection of RdRp activity in rice cultured cells
Many cultivars of japonica rice contain the 14 kbp dsRNA (Oryza sativa endornavirus, OSV). Two lines of suspension cultured cells (OSV-carrier and OSV-free) were derived from rice (Nipponbare cultivar) seeds with and without 14 kbp dsRNA (Moriyama et al. 1996) . Since the copy number of OSV dsRNA in suspension cultured cells (about 1,000 copies cell -1 ) increases about 10-fold over that in cells of seedlings or leaves (about 100 copies cell -1 ) (Moriyama et al. 1996 , Moriyama et al. 1999b , RdRp activity may be higher in cultured cells. UMP incorporation (RNA polymerase activity) into crude microsomal fraction of OSV-carrier cells increased until 180 min, whereas that prepared from OSV dsRNA-free cells contained no significant polymerase activity (Fig. 1A) . After 180 min, in vitro UMP incorporation decreased in OSV-carrier microsomal fraction, perhaps due to endogenous RNase(s) as had been reported for RdRp activity associated with La France isometric virus (Goodin et al. 1997 ).
Analyses of polymerase reaction products
Products synthesized in cold reaction mixtures (see Materials and Methods) were separated by denaturing agarose gel electrophoresis, then analyzed by Northern hybridization with strand-specific riboprobes (Fig. 1B) . Amounts of both coding (+) and non-coding (-) strands of OSV increased until 135 min. These results were consistent with the time course of UMP-incorporation activity in crude microsomal fraction of cultured OSV-carrier cells (Fig. 1A) . These results indicated products that incorporate UMP are full-length OSV RNA and that both strands are synthesized in the in vitro polymerase reaction. Furthermore, [a-32 P]UMP was not added to the ends of RNAs or DNAs by an enzyme such as terminal nucleotidyl transferase or poly(A) polymerase, indicating that the activity is due to RNA-dependent RNA polymerase. Bands of the noncoding strand are slightly more intense than those of the coding strand (Fig. 1B) . The ratio of synthesis between coding and non-coding strands was analyzed as described by Fahima et al. (1993) . Single-stranded RNAs were synthesized from cDNAs corresponding to the 3¢-or 5¢-ends of rice dsRNA (240 nt each), blotted onto membranes, and hybridized with the [a-32 P]UMP-labeled RdRp reaction products (Table 1) . We found that twice as much of the non-coding strand was synthesized in RdRp reaction in vitro after 2 h. Furthermore, since the ratio of synthesis between the 5¢-and 3¢-ends was similar (Table 1) , most reaction products would be full-length (14 kb) OSV RNA. This result was consistent with results given in Fig. 1B . Products of polymerase reactions with [a-32 P]UTP were analyzed by native and denaturing agarose gel electrophoresis ( Fig. 2A) . The products were predominantly detected as bands of about 14 kbp on native gels ( Fig. 2A, lanes 1-4) , suggesting that [a-32 P]UMP was predominantly incorporated into the 14 kbp OSV dsRNA. Incorporation was not inhibited by actinomycin D (Fig. 2A, lanes 3, 4, 9, 10 ), which specifically inhibits DNA-dependent RNA polymerases. Denaturing agarose gel was carried out to determine whether in vitro polymerase reaction products had the site-specific nick ( Fig. 2A) . Almost all OSV dsRNA obtained from rice plants and cultured cells contain a nick at nt 1,211 from the 5¢-end of the coding strand . We detected high-molecular-weight bands (14 kb and 12.8 kb) and 1.2 kb bands in denaturing agarose gels ( Fig. 2A, lanes 7-10) , indicating that the in vitro reaction products had already been nicked. Fourteen kb non-coding and 12.8 kb coding strands could not be separated under these electrophoresis conditions. A miniscule amount of full-length (14 kb) coding strand was detected in OSV from seedlings, cultured cells and in vitro polymerase reaction mixtures by reverse transcriptase-PCR and Northern hybridization (data not shown). During OSV replication, the full-length coding strand may be immediately nicked following synthesis.
The RdRp reaction products were further analyzed by RNase A digestion (Fig. 2B) . The products were resistant to RNase A in high salt buffer (300 mM NaCl) but sensitive in low salt buffer (15 mM NaCl). Since RNase A digested only single-stranded RNA (for example, rRNA indicated by the arrow in Fig. 2B ) in high salt buffer, most of the in vitro reaction products must be 14 kbp dsRNA.
Effects of detergents on the polymerase reaction in the crude microsomal fraction
We examined the effect of detergents on RdRp activity in the crude microsomal fraction (Fig. 3) . When 0.1% SDS or Brij58 was added to the reaction mixture, UMP incorporation decreased to about 3,000 cpm. This corresponds to background level of UMP incorporation in the disk assay (see Materials and Methods) (Hayes and Buck 1993) , because incorporation of UMP by OSV-free extracts (Fig. 1A) was also about 3,000 cpm. The putative RdRp (or replication enzyme complex) may be denatured by addition of 0.1% SDS or Brij58. Addition of 0.5% NP-40 or Triton X-100 to the reaction mixture caused a 20-50% decrease in polymerase activity. Addition of 0.5% deoxycholate increased UMP incorporation to about 2.5-fold [(8,000-3,000 cpm)/(5,000-3,000 cpm)]. These results suggest that RdRp in the crude microsomal fraction is membrane associated.
In the presence of 0.1% and 0.5% deoxycholate, UMP incorporation tended to peak twice (Fig. 3) . We surmised that the crude microsomal fraction contained two polymerase activ- Crude microsomal fractions (OSV-carrier, lanes 1-4 and 7-10; OSV-free, lanes 5, 6, 11 and 12) were incubated with reaction mixtures containing [a-32 P]UTP for 30 min (lanes 1, 3, 5, 7, 9 and 11) or for 2 h (lanes 2, 4, 6, 8, 10 and 12) with (lanes 3, 4, 9 and 10) or without (lanes 1, 2, 5-8, 11 and 12) actinomycin D (20 mg ml -1 ). Reaction products were analyzed by electrophoresis on native (lanes 1-6) or denaturing agarose gels (lanes 7-12). RNA products in gels were fixed by 7% trichloroacetic acid for 30 min and visualized by autoradiography. (B) Sensitivity of in vitro polymerase products to RNase A. The products of RNA polymerase reactions with [a-32 P]UTP were incubated in low salt (15 mM NaCl and 1.5 mM sodium citrate, lanes 1, 2, 4 and 5) or high salt buffers (300 mM NaCl and 30 mM sodium citrate, lanes 3 and 6) at 37°C for 30 min without (lanes 1 and 4) or with (lanes 2, 3, 5 and 6) RNase A (5 mg ml -1 , final concentration). RNA products were stained with ethidium bromide (lanes 1-3) , and visualized by autoradiography (lanes 4-6). Only single-stranded RNAs (rRNA, indicated by an arrow) were digested by RNase A in high salt buffer (lanes 3 and 6). Lane M, molecular weight marker.
ities. To examine this hypothesis, deoxycholate was added to the crude microsomal fraction isolated from OSV-free cultured cells and UMP incorporation was measured. Incorporation increased in the presence of 0.1% deoxycholate [Fig. 3 , deoxycholate (free)]. OSV-carrier cells contained at least two RNA polymerase activities that were increased by deoxycholate; one associated with OSV and the other independent of OSV. The UMP-incorporation associated with OSV was activated by 0.5% deoxycholate, whereas the activity independent of OSV was activated by 0.1% deoxycholate. The former may originate from RdRp encoded by OSV, and the latter may originate from terminal nucleotidyl transferase, poly(A) polymerase or endogenous RdRp encoded by host genome DNA (Schiebel et al. 1993 , Schiebel et al. 1998 ).
Purification of RdRp activity by sucrose density-gradient centrifugation
Since the crude microsomal fraction isolated from OSVcarrier cultured cells contains at least two different RNA polymerase activities, it was further purified by sucrose density-gradient centrifugation (Fig. 4A) . The effect of deoxycholate was examined in the sucrose fraction containing the most dsRNA and RNA polymerase activity (about 22% sucrose, lane 4) (Fig. 4B) . Although the highest polymerase activity in the crude microsomal fraction was detected in the presence of 0.5% deoxycholate (Fig. 3A) , activity in the purified fraction was detected in the presence of 0.25% deoxycholate (Fig. 5) . Due to purification, half the concentration of deoxycholate (0.25%) was sufficient to activate RdRp activity and background decreased to about 1,500 cpm (Fig. 5) . A single peak was activated by deoxycholate in purified micro- Fig. 3 Effect of detergents on UMP incorporation in crude microsomal fraction. Crude microsomal fractions isolated from cultured OSV-carrier cells were incubated with reaction mixtures containing various concentrations of Briji 58 (diamonds), deoxycholate (asterisks), NP-40 (squares), SDS (´) and Triton X-100 (triangles), and crude microsomal fractions isolated from cultured OSV-free cells were incubated with reaction mixture containing deoxycholate (circles) for 2 h at 30°C. [a-32 P]UMP incorporation was determined by DE81 disk assay. Fig. 4 Purification of RdRp fraction by sucrose density-gradient centrifugation. Crude microsomal fractions isolated from OSV-carrier cultured cells were fractionated by sucrose density-gradient (10-40%) centrifugation. Whole nucleic acids were extracted from each fraction and separated by native agarose gel electrophoresis, then stained with ethidium bromide (A). RNA polymerase reactions were carried out with [a- 32 P]UTP and aliquots of each fraction are presented in (A). Reaction products (B) were analyzed as described in the legend to Fig. 2A (native gel) . Lane M, molecular weight marker. somal fraction (Fig. 5) . The unknown polymerase activity in the crude microsomal fraction, which was activated by 0.1% deoxycholate (Fig. 3) , may have been removed from the putative OSV-associated RdRp activity by sucrose density-gradient centrifugation.
Characterization of OSV dsRNA-associated RdRp activity
We characterized the putative RdRp fraction purified by sucrose density-gradient centrifugation (Fig. 4, lane 4) . RdRp activity required Mg 2+ ions and all four ribonucleotide triphosphates (Table 2 ). This activity was therefore not caused by terminal nucleotidyl transferase or poly(A) polymerase. Activity was resistant to actinomycin D and =-amanitin, which inhibit DNA-dependent RNA polymerases, indicating that the activity is due to RdRp and that the 14 kbp dsRNA (OSV) in rice is an RNA replicon. Proteinase K alone did not inhibit polymerase activity (101.5%) and 0.25% deoxycholate alone could promote activity (187.9%), but proteinase K together with deoxycholate inhibited activity (36.3%). These findings suggest that the RdRp enzyme complex is protected from proteinase K by a membranous structure. Furthermore, the mechanism of OSV RdRp activation indicates the RdRp enzyme complex may more easily bind exogenous substrates (for example, ribonucleotide triphosphates) following the addition of deoxycholate. Osman and Buck (1997) reported the membrane-bound RNA polymerase of tobacco mosaic virus (TMV) is efficiently solubilized with only taurodeoxycholate or deoxycholate, and solubilization results in an increase in RdRp activity. The mechanism of OSV RdRp activation by deoxycholate may be similar to that of TMV RdRp activation by taurodeoxycholate.
We previously reported that 14 kbp dsRNA (OSV) is present in cytoplasmic vesicles (Moriyama et al. 1996) . Furthermore, the 16.7 kbp dsRNA in V. faba is also located in cytoplasmic membranous vesicles (Lefebvre et al. 1990 ) and is evolutionarily related to OSV (Gibbs et al. 2000) . These suggest that the RdRp enzyme complex and its RNA template are located in membranous vesicles that protect RdRp from proteinase K in vitro. The OSV dsRNA with its RdRp may also be protected from endogenous RNases and proteinases by membranous structures in vivo as well.
Effects of exogenous RNAs on RdRp activity
The replication enzyme complex with the 14 kbp dsRNA template was solubilized by NP-40 and 1.85 M KCl, then purified by glycerol gradient centrifugation (Quadt and Jaspers 1990, Hayes and Buck 1993) . These purified fractions retained RdRp activity and the endogenous RNA template (data not shown). To examine exogenous RNAs as templates for RdRp activity, purified OSV dsRNA or total RNAs isolated from cultured OSV-carrier cells were added to the solubilized enzyme complex with [=-32 P]UTP. Reaction products were analyzed by native agarose gel electrophoresis (Fig. 6) . A band of about 14 kbp was detected in the control reaction (no exogenous RNA template, lane 1), in which the RdRp must use endogenous 14 kb RNA as a template. When purified OSV dsRNA (either native or heat-denatured dsRNA) was added to the reaction mixtures (lanes 2 and 3, respectively), the intensity of 14 kbp bands decreased. No products were detected when purified native OSV dsRNA was added (lane 2). The 14 kbp product also decreased in the presence of total RNAs isolated from OSV-carrier cultured cells (lane 4), but the product was increased by adding heat-denatured total RNAs (lane 5). These results suggest that exogenous OSV dsRNA is not an effective template for OSV replication by the RdRp enzyme complex. Furthermore, native OSV dsRNA effectively inhibited the replication of endogenous OSV dsRNA induced by the RdRp enzyme complex. Exogenous OSV dsRNA may compete with endogenous template RNA for protein(s) essential for OSV replication, such as RdRp itself or other protein(s) that can bind OSV dsRNA.
It is noteworthy that the 14 kbp product was increased only by adding heat-denatured total RNAs (Fig. 6, lane 5) . A single-stranded RNA molecule that can function as an active template for OSV RdRp might be missed by the dsRNA purification process. Since CF-11 cellulose specifically adsorbs dsRNAs (Schuster and Sisco 1986) , the active template could be single-stranded RNA molecule of OSV that was not adsorbed. A small amount of single-stranded OSV RNA molecules might be present and able to replicate by its RdRp. OSV dsRNA molecules might not replicate much but should easily survive in host cells, because most endogenous RNases are single-strand specific.
